Background/Objective: Poor early glycemic control in childhood onset type 1 diabetes (T1D) is associated with future risk of acute and chronic complications. Our aim was to identify the predictors of higher glycated hemoglobin (HbA1c) within 24 months of T1D diagnosis in children and adolescents.
were: Age at diagnosis (12-18 years) , higher HbA1c at baseline (>9.5%, ie, >80 mmol/ mol), clinic site, non-white ethnicity, and period (pre-year 2011) of diagnosis. Additionally in univariable analyses, frequency of clinic visits, HbA1c at diagnosis, and type of insulin treatment regimen showed association with poor glycemic control (P < .05).
Conclusions: Major risk factors of poorer glycemic control during 3-24 months following childhood onset T1D are: diagnosis prior to 2011, higher HbA1c levels at baseline, age at diagnosis, non-white ethnicity, and clinic site.
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| INTRODUCTION
Evidence suggests that early glycemic control in childhood onset type 1 diabetes (T1D) tracks into later life [1] [2] [3] [4] and predicts risk of future vascular complications. 5, 6 Studies in adults show a reduced risk of vascular complications and mortality in those who maintained lower HbA1c levels during early stages of the disease. 7, 8 It is therefore important to identify if this is the case or whether other factors influence glycemic trends from T1D diagnosis in children and adolescents. 9, 10 Poor glycemic control is seen in children and adolescents soon after T1D diagnosis. 11 But factors influencing these outcomes are poorly understood due to studies: with small sample size, focused on older children and adolescents or investigated a limited number of demographic variables. 12 This causes a difficulty in identifying and predicting a "risk signature" of poor control during the course of the disease in young T1D patients. 13 In order to investigate the predictors (sociodemographic, biological, and clinical) affecting the glycemic control within 24 months of T1D diagnosis in children and adolescents, we undertook a retrospective analysis of data collected prospectively from three diabetes clinics based in East London, United Kingdom.
| METHODS
We investigated the predictors of glycemic control (HbA1c levels) Because of increasing knowledge of more rare causes of diabetes, patients may have been misidentified during the study period as type 1 diabetes (default in the database), and may have had type 2 diabetes, maturity onset diabetes, or secondary diabetes. The records of three patients with very low HbA1c were looked at and these patients most likely did not have T1D and were excluded.
Each of the three clinics had a separate but unequal, multidisciplinary diabetes specialist care team made up of clinicians, nurses, dieticians, psychologists, and with access to interpreters. For example, a 24-hour pediatric diabetes consultant on call service was available at only one of the clinics. The three clinics became part of a network in 2012 but care continued to be delivered by the respective care team at each clinic as per the updated care package recommended by the National Institute of Health and Care Excellence (NICE). 14 
Type
and methods for the electronic recording of anthropometric, sociodemographic and clinical data, collected at diagnosis and at each clinic visit were not always uniform between the three clinics. For example, one of the three clinics recorded data of fewer patients in the first 3 months from T1D diagnosis ( Figure S1A , B).
| Variables
We used HbA1c, a measure of average blood glucose over the previous 8-12 weeks, as our marker of diabetes control and as the dependent variable in these analyses. Venous and finger HbA1c measured using BioRad Variant II Turbo (in laboratory) and Siemens/Bayer DCA 2000 (in clinic) respectively at diagnosis and each clinic visit. The HbA1c values recorded as percentages were converted to mmol/mol using the formula: (HbA1c value in % − 2.15) × 10.929. Baseline was defined as period within 3 months of T1D diagnosis and patients with baseline measurements were eligible. HbA1c levels at diagnosis (measurement within the first month of diagnosis) and at baseline (averaged HbA1c measurements within first 3 months of diagnosis) were assessed by tertiles or categorized into low (<7.5% or <58 mmol/mol), moderate (7.5-9.5% or 58-80 mmol/mol), and high (> 9.5% or >80 mmol/mol) based on UK targets that were acceptable during the study period.
Based on our systematic review 12 and captured in the dataset, potential predictors of HbA1c which we used as independent variables in our analyses were sex, age at diagnosis, season/month/year/ period of T1D diagnosis, ethnicity, index of multiple deprivation (IMD), clinic site, number of clinic visits, insulin regimen, body mass index (BMI), pH at diagnosis, HbA1c at diagnosis, and baseline.
We tested the accuracy of the data in a number of patients and found that the insulin treatment may have been inaccurately documented in the database. Sometimes details of insulin regimen such as dosage, injection frequency, and pump treatment were missing during the earlier years (prior to 2012) and before the individual clinics joined to form a network.
Age at diagnosis was treated as a categorical variable and stratified into the following groups: 0-5 (preschool), 6-11 (prepubertal) , and 12-18 (pubertal/adolescent) years. Season of diagnosis was categorized into autumn (September to November), winter (December to February), spring (March to May), and summer (June to August).
Period of diagnosis was categorized into pre-2011 and post-2011 to check for differences in outcomes between the two periods because the three diabetes clinics became part of the same network in 2012.
Ethnicity was categorized into white and non-white for the main analysis. Socioeconomic status was measured using the UK IMD (2010), which gives a relative measure of neighborhood-level socioeconomic deprivation based on seven domains for small areas in England: income, employment, health and disability, education, skills and training, barriers to housing and services, living environment, and crime.
IMD scores were categorized into three groups with 3 being least deprived and 1 being most deprived. 15 The number of clinic visits per patient was treated as a continuous variable.
Insulin treatment (between years 2005-2015) was categorized as continuous subcutaneous insulin infusion pump, 3 or more injections per day or 1 or 2 injections per day. BMI (obtained from the records of physical examination involving measurements of height and weight) measured as kg/m 2 at each clinic visit, was treated as a continuous variable and was standardized to BMI (WHO) z-scores. These were further categorized into normal weight, overweight/obese, and thin. 16 Whole blood pH at diagnosis was treated as a continuous variable and in a sensitivity analysis was categorized into acidotic (pH < 7.3), normal (pH 7.3 to 7.45), and alkalotic (pH > 7.45).
| Analyses
Baseline characteristics of the cohort were reported as means and SDs for continuous variables or counts and percentages for categorical variables. Baseline characteristics were compared across HbA1c categories at baseline using a global χ 2 test for categorical variables or a Wald test from linear regression for continuous variables.
Repeated measurements of the outcome HbA1c were modeled using mixed effects models. Fractional polynomials were used to account for non-linear trajectories of HbA1c over time. 17, 18 We estimated models for both 0 to 24 months (Model 1: with 253 T1D patients followed from diagnosis) and 3 to 24 months (Model 2: with 335 T1D patients followed from baseline), as data showed dramatic instability in HbA1c during the first 3 months after diagnosis, as expected. In this paper we report the results of the investigations of predictors of HbA1c levels from 3 to 24 months in the 335 patients who were followed from baseline. The trajectories and predictors of HbA1c during 0-3 months will be studied in depth and reported separately. The polynomial terms in the model were chosen by comparing model fit amongst all fractional polynomial models with one, two or three polynomial terms with any combination of the following polynomial powers of time: (−2 −1 −0.5 0 0.5 1 2 3), where 0 represents log(t) and a repeated power (p p) indicates the functions t p and log(t)t p . The outcome model for 0 to 24 months (Model 1) was
and the outcome model for 3 to 24 months (Model 2) was
where HbA1c i (t) is the outcome of interest for individual i. β 0 ,β 1 , β 2 , and Table S2 for baseline characteristics by HbA1c tertiles).
| RESULTS
The fractional polynomial model 1 fitted to HbA1c measurements taken 0-24 months post T1D diagnosis revealed that the initial, high
HbA1c levels of the cohort dropped rapidly after diagnosis due to initiation of insulin treatment. However, subsequently after around three months of diagnosis, the population mean HbA1c levels rose steadily above the then (2005-2015) NICE recommended targets and remained high throughout the entire duration of follow-up. The model 2 fitted to HbA1c measurements 3-24 months gave similar results for that period (Figure 1 ).
We then examined the association of various predictor variables Table 2) .
After adjustment for predictors that were statistically significant in univariable analyses, the following predictors of glycemic control remained statistically significant in a multivariable analysis ( Table 2) The results were similar when the multivariable analyses were repeated in the sensitivity analyses with predictors: HbA1c tertiles at baseline (Table S3A ) and HbA1c at diagnosis (Table S3B ).
Additional univariable and multivariable sensitivity analyses for predictor variables from 1 to 3 months after diagnosis consistently revealed the following as significant predictors of poor glycemic control: year of diagnosis (pre-2011), clinic site, HbA1c, and BMI (WHO z score) at 1-3 months after diagnosis.
There was no effect modification when interaction with age at diagnosis, sex, or clinic site were added to the mixed initial (with each predictor variable) and multivariable models. However (Table S3B ).
We then examined the following predictors by including interactions with polynomial terms in time since diagnosis in the initial mixed models with each predictor variable: sex, age at T1D diagnosis, year of diagnosis, ethnicity, clinic site, insulin regimen, HbA1c level at diagnosis and baseline (also tertiles at baseline), and BMI (WHO) z score at baseline (Table S4 ). The interaction with polynomial time terms allowed for the shapes of the HbA1c trajectories to differ between the compared groups. The following predictors had significant interactions with polynomial time terms: age at diagnosis, HbA1c at diagnosis ( Figure 2 ) and HbA1c at baseline.
Interaction between age at diagnosis and polynomial time terms
showed that prepubertal (6-11 years) and pubertal children (12-18 years) experienced a sharper increase in HbA1c after 3 months than preschool (0-5 years) aged children, leading to higher levels throughout the study period (P = .001) (Figure 2A ).
There was a significant difference in HbA1c trajectories between those with low, moderate, and high HbA1c levels at diagnosis ( Figure 2B ) and baseline (P = .001 and P = .01 respectively). All children had a similar starting point at 3 months but, the glycemic control steadily deteriorated in those children with HbA1c levels above 7.5%
(58 mmol/mol) at diagnosis or at baseline. But, there is some uncertainty in the HbA1c trajectory of those who had HbA1c levels <7.5%
(<58 mmol/mol) at diagnosis or at baseline as there were only 13 (5.14%) and 38 (10.67%) patients in these groups at diagnosis and baseline respectively and the diagnosis details of these patients could not be verified. However, we found that the difference between HbA1c targets below 7.5% (58 mmol/mol). 19 However, since year 2015, NICE recommends achieving a target of HbA1c levels of 6.5%
(48 mmol/mol) or below including during the honeymoon phase (period shortly after T1D diagnosis) when the existing beta cells of the pancreas continue to produce some insulin to help control blood glucose. Our study found that it was challenging for the cohort to achieve recommended blood glucose and HbA1c levels after the honeymoon period and during the first 24 months of T1D diagnosis during the study period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) as indicated by other studies. 20, 21 In this cohort of young children and adolescents with T1D, we found that higher HbA1c levels (>9.5%, ie, >80 mmol/mol) at diagnosis/baseline were associated with higher HbA1c levels during the first 24 months of T1D diagnosis. Elevated HbA1c levels at diagnosis may be due to delayed access to medical treatment and/or delayed T1D diagnosis but evidence suggests that better glycemic control can be achieved during this sensitive period through disease awareness and change of behaviors in diagnostic and care practice. 22, 23 Children diagnosed at an older age (12 to 18 year olds) had significantly poorer glycemic control during the study period. Adolescence has proven to be yet another sensitive period which influences formation of enduring behaviors and diabetes self-management habits. 24 This may relate to a complex interaction of factors such as increased insulin resistance, eating disorders, psychological disturbances, and the psychosocial demands of adolescence leading to decreased adherence to management plans. 25, 26 Children diagnosed pre-2011 had poorer glycemic control which may be due to older diagnostic testing, treatment, and recording strategies as reported by other studies. 13, 27 Additionally, it may indicate that being part of a network improved the glycemic outcomes of the patients registered at the three clinics, as the three clinics became part of a network only from 2012. However, this is a causal hypothesis which the currently reported data and analyses cannot address.
We also found that overweight or obese children had better glycemic control, although this effect was statistically non-significant. This is likely to reflect the association of weight gain during T1D treatment with better adherence to insulin regimens and therefore BMI may represent an indirect marker of good glycemic control. However, there is uncertainty in the HbA1c trajectory of underweight/thin children in our study as there were <10% children in this group. Evidence from other studies on the association of BMI with HbA1c is also inconclusive. [28] [29] [30] Also, a small minority of patients may have been misclassified during the study period and may have had T2D, MODY or secondary diabetes.
Non-white ethnicity was associated with elevated HbA1c levels.
This association is consistent with other studies and may be due to biological, cultural and lifestyle differences, sub-optimal treatment prescription or reluctance to try new therapy. [31] [32] [33] Also, some ethnicities may have an inherent genetic predisposition to adverse health outcomes from T1D. 34 The role of clinic in improving glycemic control in children with T1D (particularly ethnic minorities) and whether more frequent clinic visits would result in better care and adherence to treatment among the T1D patients from ethnic minority remains unclear.
However, we did find that patients at one of the clinics had better glycemic control than others and that more frequent clinic visits (univariable analyses) were associated with higher HbA1c levels. More frequent appointments for children with poor control may have been offered in some clinics. Other studies have indicated associations with glycemic control and clinic related factors. 2, 28, 35 Some studies have also highlighted the active role of diabetes teams in achieving glycemic targets. 36, 37 Frequency of clinic attendance may be high in those
patients living closer to the diabetes clinics. Poor or non-attendance is associated with elevated diabetes complications risk due to nonadherence to treatment in the high risk groups. 38 Details of insulin regimen such as injection frequency, pump treatment, dosage and treatment changes were missing which meant that we were restricted in our investigations of this variable against our research objectives, although, pump regimen (univariable analyses) was associated with lower HbA1c levels. However, sensitivity analysis with and without adjusting for insulin regimen did not affect our conclusions. It would be useful to investigate the benefits of intensive insulin treatment earlier on in the course of the disease management and whether early HbA1c levels tracks in later years and reduces the risk of vascular complications.
In our study we found that sex showed no association (univariable analyses) with glycemic control although interaction with year of diagnosis by sex (univariable and multivariable analyses) showed some association. This is contrary to the findings of some studies 5, 13, 30 ;
whilst there are others who have reported no association 28, 35 between sex and HbA1c levels.
No association was seen between pH at diagnosis (proxy for DKA) and HbA1c levels during the 3-24 months from T1D diagnosis.
Although this was also the conclusion of some studies, 28, 30, 35 others have shown an association. [39] [40] [41] It was not clear if the general practitioners (GP's) managed the T1D symptoms in any of these patients prior to referral to the diabetes clinics for specialist care. We did not have access to GP prescription data to confirm if any form of glycemic control started prior to clinic diagnosis date although it would be extremely unusual in the United Kingdom for a GP to commence insulin treatment in a child with diabetes.
| STRENGTHS AND LIMITATIONS
Historically, mixed effects modeling have been used to describe trajectories of repeated outcomes within and between clustered individuals. But because glycemic trajectories are often non-monotonic and non-linear, they require more flexible models to accurately investigate the factors which influence the HbA1c levels or the outcomes it is associated with. To our knowledge this is the first longitudinal study to investigate predictors of HbA1c during the first 24 months of T1D duration using mixed effects multilevel models with fractional polynomial time terms which allowed flexibility and parsimony in the modeling of nonlinear trajectories. The application of fractional polynomials requires the comparison of many models for model selection and represents a situation of multiple testing. The modest sample size was suitable for the two step approach using fractional polynomials in multilevel modeling. However, the sample size limitation precluded the enhancement of complexity of fitting models with all covariates. Assessment of predictors of HbA1c was performed in a two-step approach, with polynomial terms selected in the first step and predictor selection performed in the second step. The effect estimates of present models may be biased due to the two-step procedure, and no adjustment has been made for multiple testing. Data were abstracted from routinely collected electronic medical records, thus limiting selection and recall bias. It was not possible to ascertain that the primary outcome or exposure was not associated with loss to follow-up. The total sample size was modest but exceeded the minimum (N > 100) suggested for multilevel modeling and may have limited the power to detect weaker associations. The study cohort was rich in ethnic diversity and an unusually high proportion of socially deprived population, which enabled us to study these predictors in greater detail but was also a limitation because there was less contrast.
Data was limited to patients receiving care between 2005 and 2015 at three diabetes clinics which formed a network in 2012. So the methods of data collection and recording may have differed and changed over the study period and may not be generalizable to other populations. The data used were from a dataset maintained for ongoing clinical use across the three clinic sites, and, as with most clinical datasets, was not subject to the detailed data checking that would be expected in a research dataset. We verified data where possible in association with the clinic physicians. However it was not practicable to examine and verify each individual clinical record. Additionally, it was not possible to investigate whether the disparity in the number of clinic visits and treatment across the study population was due to individual and/or clinic factors. This is a retrospective analysis of an observational study and residual confounding cannot be ruled out.
Details of laboratory methods and instruments used across clinics
between 2005 and 2015 could not be confirmed.
| CONCLUSIONS
Our study identified higher HbA1c levels at baseline, non-white ethnicity, clinic site, BMI, and year of diagnosis as major risk factors of poor glycemic control during the first 24 months of children diagnosed with T1D. Because higher HbA1c at T1D diagnosis is associated with poorer subsequent HbA1c levels and is associated with increased risk of developing complications, these findings could help clinicians, policy makers and researchers better understand the characteristics of type 1 diabetes and encourage quick identification of high risk patients for consideration of appropriate individualized treatment strategy to meet the HbA1c targets during the 24 months following the diagnosis of T1D. These findings will also help explore the underlying explanations for poor glycemic outcomes so further efforts are made to overcome these differences. 
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